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[57] ABSTRACT

Detector apparatus (10, 50, 90) for measuring wind
velocity and direction and/or ice accumulation. The
apparatus preferably includes boots (14, 23, 24 and 70)
for removing accumulated ice prior to measuring wind
velocity and direction without the ice. A computerized
system and program for determining the measurements
In the detector apparatus.

25 Claims, 21 Drawing Figures
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DETECTOR APPARATUS FOR DETECTING WIND
VELOCITY AND DIRECTION AND ICE
ACCUMULATION

BACKGROUND OF THE INVENTION

(1) Summary of the Invention

The present invention relates to a detector apparatus
for measuring wind velocity, direction and/or for mea-
suring ice accumulation or all of these environmental
factors. In particular, the present invention relates to a
detector apparatus wherein there is no friction between
a detecting rod and areas of high stress where the strain
is measured, and in its most preferred form uses thin film
or foil strain gauges in the area of high stress.

(2) Prior Art

U.S. Pat. No. 3,238,773 to Leigh describes a device
which can be used to measure wind velocity. The dis-
closed apparatus uses a fulcrum to pivot the rod 5 and
thus 1s relatively insensitive. The fulcrum introduces a
friction factor which provides variable resuits, particu-
larly where there are wide temperature variations.
There 1s a suggestion of 360° measurement of wind
velocity by the rod 5 but there is no specific discussion
of the means for accomplishing this result. The device is
not designed to measure weight loads on the rod 5 along
the longitudinal axis and no means is provided for re-
moving accumulated ice other than by electrical thaw-

ing. the resistance wires of Leigh are relatively insensi-
tive strain gauges.

Most of the prior art devices are designed to detect
fluid flow in only one direction in a pipe or conduit as
evidenced by the basic disclosure of Leigh and the
disclosures of U.S. Pat. Nos. 2,826,914 to Reiley and
3,340,733 to Lasher. None of the apparatus of these
references are designed to measure weight loads along
the axis perpendicular to the direction of fluid flow.

Other less relevant prior art references are U.S. Pat.
Nos. 2,024,571 to Gent, 2,462,577 to Warren, 2,477,233
to Bristol, 2,778,905 to Statham, 2,844,034 to Statham,
2,855,779 to Zaid, 3,114,261 to Dillon et al, 3,147,620 to
Stapler, 4,161,118 to Banwell et al, 4,210,021 to Vyk-
hodtsev et al, and 4,499,761 to Plank et al. Generally

these patents describe devices which have a single pur-
pose.

OBJECTS

It 1s therefore an object of the present invention to
provide a detector apparatus where there is no friction
between a detecting rod and strain gauges. It is further
an object of the present invention to provide an appara-
tus which allow measurements of ice formations and the
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wind loads on the ice formations. It is further an object

of the present invention to provide an apparatus which
can detect wind load and orientation without reposi-
tioning. Further still it is an object of the present inven-
tion to provide an apparatus with means which de-ices
the detecting rod. Further still, it is an object of the
present invention to provide a preferred system which

53

incorporates the detector apparatus and a method for 60

using the apparatus. These and other objects will be-

come increasingly apparent by reference to the follow-
ing description and the drawings.

IN THE DRAWINGS

FIG. 1 1s a front cross-sectional view of the detector
apparatus of the present invention particularly illustrat-
ing the rod 11 rigidly joined to hub 16 and also illustrat-

635
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ing two arms 164 and 165 (of three) and one of two foil
strain gauges 215 and 226 on each of the upper and
lower surfaces of each arm. |

FIG. 2 i1s a plan view of a hub 16 with three arms 16a,
166 and 16c¢ each supporting foil strain gauges 21a and
21b on an upper surface of each arm.

FIG. 2A 1s a front partial sectional view of one am
165 mounted on a cylindrical member 156 which is part
of support assembly 15 for the hub 16.

FIG. 3 is a plan view along line 3—3 of FIG. 1 show-
ing the rod 11 and boot 14.

FI1G. 4 1s a plan cross-sectional view along line 4—4
of FIG. 1 particularly illustrating a position alignment
key 30.

FIG. 5 shows a front view in partial section of the
expandable boot 14 shown in FIG. 1 wherein the expan-
sion of the boot 14 is shown in dotted lines.

FIG. 6 shows a front cross-sectional view of another
expandable boot 23 for the upper platform 15z of the
support assembly 15 shown in FIG. 1 wherein the ex-
pansion of the boot 23 is shown in dotted lines.

FIG. 7 1s a front view in partial cross-section of the
expandable boot 24 for the cylindrical member 154

shown in FIG. 1, wherein the expansion of the boot 24
is shown in dotted lines.

FIG. 8 1s a front cross-sectional view of an alternative
embodiment of the detector apparatus 50 wherein the

‘rod 51 is enlarged over the rod 11 shown in FIG. 1 for

more sensitive wind velocity measurement.

FIG. 8A is a plan cross-sectional view along line
S8A—8A of FIG. 8. |

FIG. 9 1s a front cross-sectional view of another em-

bodiment of the apparatus 90 wherein the foil strain
gauges 94 are mounted in areas of high stress 93 in line
with the longitudinal axis c—c of the rod 91 and adja-
cent the support assembly 92.
- FIG. 9A is an isolated view showing the high stress
area 93 of FIG. 9. FIGS. 9B to 9D show alternative
mountings of the foil strain gauges 94a, 945 and 94¢ on
a rod extension 91a¢ with openings 954, 9556 and 95¢
having various configurations. FIGS. 9A1 to 9D1 are
plan cross-sectional views of FIGS. 9A to 9D.

FIG. 10 1s a schematic of the bridge circuit employ-
ing strain gauges 21a and 215 and 22a and 226 on one
arm 164, 166 or 16c¢.

FIG. 11 is a schematic view showing the system for

input and output of data from the detector apparatus 10,
50 or 90.

GENERAL DESCRIPTION

The present invention relates to a detector apparatus
which comprises: an elongate cylindrically shaped rod
having a longitudinal axis and two opposed ends along
the longitudinal axis with one end supported and the
other end unsupported; support means rigidly mounting
the one end of the rod such that the rod is cantilevered
from the support means and wherein there is a region of
high stress in tension and compression in the rod or
support means when a force is applied to the rod: and
electrical strain gauges mounted on the region of high
stress in uniform relationship to and around the longitu-
dinal axis of the rod, wherein the apparatus can measure
wind velocity and direction around the longitudinal axis
of the rod or can measure weight of accumulated ice on
the rod as a function of time in relation to compression
or tension on the strain gauges.
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The present invention further relates to a detector
apparatus which comprises: an elongate cylindrically
shaped rod having a longitudinal axis and two opposed
ends along the longitudinal axis with one end supported
and the other end unsupported; identical arms rigidly
supporting the one end of the rod and extending from
the rod to arm ends around the longitudinal axis of the
rod, wherein each of the arms has a section of substan-
tially identical cross-section adjacent the rod where
tension and compression are to be measured along one
line in the section; support means rigidly mounting the
ends of the arms such that the rod is cantilevered from
the support means by the arms; and electrical resistance
film strain gauges rigidly mounted on the section of the
arms in uniform relationship to and around the longitu-
dinal axis of the rod to measure tension and compression
along the line in the section, wherein the apparatus can
measure wind velocity and direction around the longi-
tudinal axis of the rod or can measure weight of accu-
mulated ice on the rod as a function of time in relation
to the compression or tension on the strain gauges.

Further the present invention relates to a detector
apparatus which comprises: an elongate cylindrically
shaped rod having a longitudinal axis and two opposed
ends with one end supported and the other end unsup-
ported; a hub rigidly supporting the one end of the rod
and having identical arms which extend radially away
from the rod to radial ends and perpendicular to the

.. longitudinal axis of the rod wherein each of the arms

.. has a section of substantially identical cross-section
~adjacent the rod where tension or compression 1s to be
- measured along one line of the section; support means
rigidly mounting the radial ends of the arms such that
_ the rod is cantilevered from the support means by the
hub and arms; and electrical resistance film strain
gauges rigidly mounted on the section of the arms in
uniform spaced radial relationship to and around the
~ longitudinal axis of the rod, wherein the apparatus can
-.measure wind velocity and direction around the longi-
-tudinal axis of the rod or can measure weight of accu-
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tudinal axis with one end supported and the other end
unsupported; support means rigidly mounting the one
end of the rod such that the rod is cantilevered from the
support means and wherein there is a region of high
stress in tension and compression when a force 1s ap-
plied to the rod; and electrical strain gauges mounted on
the region of high stress in uniform relationship to and
around the longitudinal axis of the rod, wherein the
apparatus can measure wind velocity and direction
around the longitudinal axis of the rod or can measure -
weight of accumulated ice on the rod as a function of
time in relation to the compression or tension on the
strain gauges; measuring the wind velocity or the accu-
mulated ice weight in the environment from the strain
gauges.

The signal from the strain guages can be supplied to
an analog metering device (not shown) or to a computer
as shown in FIG. 11. The use of a computer is preferred
for ease of measurement.

- SPECIFIC DESCRIPTION
FIGS. 1 to 7 show the details of a preferred detector

- apparatus 10 of the present invention. The apparatus 10
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~.mulated ice on the rod as a function of time in relation

~ to compression or tension on the strain gauges.

Further the present invention relates to a detection
system which comprises: an elongate cylindrically
shaped rod having a longitudinal axis and two opposed
ends along the longitudinal axis with one end supported
and the other end unsupported; support means rigidly
mounting the one end of the rod such that the rod is
canttlevered from the support means and wherein there
1s a region of high stress in tension and compression in
the rod or support means when a force is applied to the
rod; and electrical strain gauges mounted on the region
of high stress in uniform relationship to and around the
longitudinal axis of the rod, wherein the apparatus can
measure wind velocity and direction around the longi-
tudinal axis of the rod or can measure weight of accu-
mulated ice on the rod as a function of time in relation
to compreession or tenston on the strain gauges and
microprocessor means electrically connected to the
strain gauges which are connected in a bridge circuit,
wherein the microprocessor means converts electrical
signals from the strain gauges to digital data.

Finally the present invention relates to a method for
measuring wind velocity or accumulated ice which
comprises: providing a detector apparatus in the envi-
ronment which comprises a detector apparatus which
comprises: an elongate cylindrically shaped rod having a
longitudinal axis and two opposed ends along the longi-
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includes an elongate cylindrical rod 11 which is hollow
and preferably made of a weather resistant material
such as aluminum. One end 11a of the rod 11 1s closed
by an upper cap 12 which seals the inside of the tube 11.
The opposite end 115 1s closed by a lower cap 13 with
a threaded opening 13q. The rod 11 has a longitudinal
axis a—a between the caps 12 and 13 which is used as a
reference in the description and the claims. The rod 11
is enclosed by an inflatable boot 14 which will be dis-
cussed more fully hereinafier.

A support or base assembly 13 rigidly mounts the rod
11 and includes an upper platform 15z in the form of a
dis¢ perpendicular to the axis of the rod 11 which is
supported by a hollow cylindrical member 156 mounted
on a lower platform 15c. The cylindrical member 155 is
provided with cylindrical openings 154 radially around
the longitudinal axis a—a of the rod 11 which are equi-

‘distant from the axis a—a.

A hub 16 with radial arms 16a, 165 and 16¢ extending
from the hub 16 is mounted inside the space 15¢ in the
support or base assembly 15 on the lower cap 13 by a
bolt 17 and washer 18. Threads on the bolt 17 engage
the threaded opening 13a of the lower cap 13. The distal
ends 164 of the radial arms 16a, 166 and 16c¢ are
mounted on cylindrical member 155 by means of bolts
19 which engage threaded openings 16e (FIG. 2) of the
arms 16a, 166 and 16¢. As shown in FIQG. 2A, the bolts
19 include a groove 192 adjacent the bolt head 194
which supports an O-ring 20 which 1s made of a rigid
rubber material. The O-ring 20 supports the distal ends
164 of the arms 16a, 165 and 16c in the cylindrical mem-
ber 156 which is to provide cantilevered support for the
arms 16a, 166 and 16¢. Alternatively the distal ends 164
could be rigidly mounted to the cylindrical member 1556
(not shown). |

Electrical resistance foil strain gauges 21a and 214
and 22a and 22b are mounted equidistant from the longi-
tudinal axis a—a on each of the upper and lower sides of
each arm 16q, 166 and 16¢. The foil strain gauges 21a
and 215 and 22q and 22bh are wired into an electrical
bridge circuit as discussed hereinafter and as shown in
FIG. 10. There is preferably one set of strain gauges 21a
and 215 on the top and 22g and 226 on the bottom of
each arm 164, 160 and 16c.
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The outside of the support assembly 15 is also prefer-
ably provided with inflatable boots 23 and 24 for ice
removal. The boots 23 and 24 will be discussed further
hereinafter. |

The support assembly 15 is mounted on a first support
circuit 26. As shown in FIG. 1, the support conduit 26

threads into an opening in the lower platform 15¢ and
‘into a connector 27 which mates into connector 28
mounted on a second support conduit 29. A key 30
orients the connectors 27 and 28 so that the rod 11 is
always positioned in the same direction relative to the
support conduit 29 which is fixed in position. A cham-
ber 31 1s provided between conduits 26 and 29. A
threaded collar 32 holds the connectors 27 and 28 to-
gether by means of threads 324 and ridge 326 in a con-
ventional manner know to those skilled in the art. Con-
duits 26 and 29 provide access for electrical and gas
connection. The gas connection is made by lines 34 and
35 from gas supplies 36 and 36a. The wires to the gauges
21a, 21b, 22a and 225 are not shown.

Referring to FIGS. 5, 6 and 7 the boots 14, 23 and 24
are shown. The boot 14 has a conduit 14e¢ which leads
inside the boot 14 which is constructed similar to a
reinforced balloon with walls 146 and 14¢ joined to-
gether at their periphery and preferably every 60° to 90°
in a line along the axis a—a of the rod. The wall 146
expands when a gas is introduced into the boot 14. The
boot 23 has walls 232 and 235 which are joined together
at their periphery and conduit 23c¢ leads between the
walls 23a and 235 an around opening 234 for the rod 11
and boot 14 to expand the boot 23 as shown by the

dotted lines. The boot 24 has walls 24g and 245 which
are joined together at their periphery. The wall 244
expands when a gas is introduced between the walls 24a
and 24b by means of conduit 24¢ as shown by the dotted
lines. The conduits 23¢ and 24¢ are joined together by a
tube 35. Gas is introduced into the tube 35 from the gas
supply 36, such as from a nitrogen source or an air
pump. Gas is introduced to boot 14 by conduit 34 from
the gas supply 36a so that it is separately controlled to
remove I1ce. As can be seen, when the gas is introduced
by conduits 34 and 35 to the boots 14, 23 and 24, they
each expand and fracture and clear any ice. Preferably
the boots 14, 23 and 24 are made of an elastomeric rub-
ber (such as silicone) which is smooth so that ice does
not adhere and which retains elasticity at use tempera-
tures. FIG. 1 shows a temperature probe 38 with an
electrical lead 39 going through lower cap 13. The
probe 38 is discussed hereinafter.

FIGS. 8 and 8A show a detector apparatus 50 varia-
tion of the apparatus 10 shown in FIGS. 1 to 7. The
main difference in the construction of the apparatus 50
of FIG. 8 is that the rod 51 is as wide as the base assem-
bly 52 which supports the rod 51. A cylindrical member
53 1s secured to the inner wall 51a of the cylinder 51. A
circumferential groove 53a is provided around the out-
side of the member 53 which leads to openings 5154
through the rod §1. A fitting 54 is mounted on the inside
of member 53 which is connected by means of conduit
93 through the post 57 supporting the rod 51. The post
57 has multiple openings 57a and 57b which provide
passage for the conduit 55 and for electrical leads (not
shown) to the strain gauges 67a, 67b, 68a and 685.

The post 57 supports a hub 58 with radial -arms 58a,
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586 and 58¢ as shown in FIG. 8A. The distal ends 584 of 65

the radial arms 58a, 58 and 58¢ are supported in open-
ings 53b in member 53 on o-rings 59. A lower cylindri-
cal member 60 is connected to cylindrical member 53 by

6

means of bolts 61. The hub 58 is secured to the post 57
by means of washer 63 and bolt 62 which threads into
the post §7. A disc shaped member 64 partially encloses
the space 71 which is around the post 57. A bellows 65
is mounted on a ring 66 secured to the post 57. This

provides a vented seal on the underside of the apparatus
50 adjacent the rod 51.

Electrical resistance foil strain gauges 67a, 676 and
682 and a second gauge not shown are rigidly bonded
on the upper and lower sides of the arms 58a, 5856 and
38¢ which are electrically connected to bridge circuits
such as shown in FIG. 10.

As in FIG. 1, gas is supplied from a supply means 69
through valve 56 to the boot 70 mounted around the rod
51 to remove accumulated ice from the apparatus 50.
The vented bellows 65 prevents airborne contaminants
from-accumulating inside the space 71 of the apparatus
50.

FIGS. 9, 9A and 9A1 show another modification of
apparatus 90 of the present invention. A rod extension
91a extends from a base assembly 92 to support a rod 91.
The rod extension 91a is hollow and has an area of high
stress 93 adjacent the base assembly 92. Electrical resis-
tance foil Strain gauges 94 are mounted on the outside
(or inside) of the rod extension 91a¢ and are electrically
connected to a bridge circuit such as shown in FIG. 10.
In this apparatus 90 no ice removal boot is shown; how-
ever, one could be used. FIGS. 9B, 9B1, 9C, 9C1, 9D
and 9D1 show variations of the area of high stress 93 of
FIG. 9A wherein openings 95a, 95b and 95¢ are pro-
vided in the area of high stress to provide arms 93a, 935
and 93¢ extending from the rod extension 91a.

The rod extensions 91a, 915, 91¢ or 914 are rigidly
mounted on a cap 96 which is in turn rigidly mounted
inside the rod 91. The rod extensions 91a, 915, 91¢ or
91d are rigidly mounted on support assembly 92 by
means of insert 97 mounted within post 98 and held in
place by screws 99. The post 98 is suitably supported in
the ground or on a building (not shown).

FIG. 10 shows the bridge circuits used on each arm
16a, 160 and 16¢. The three bridge circuits together
measure the position of and amount of the load on the
rod 11 360° around the axis a—a as well as the total load
on the strain gauges 21a and 215 and 22q and 22b which
is the weight.

The leads P; and P; shown in FIG. 10 provide DC
power to the bridge circuits. The outlets S; and S; pro-
vide the differential current and voltage coming from
the foil srain gauges 21a, 216, 22a and 22b. The fine
wires (not shown) inside the foil srain gauges 21a, 215,
22a and 22) are mounted with the wires along the direc-
tion of the load as is known to those skilled in the art.
Where the foil gauges are in tension the resistance in-
creases because of the reduction of the diameter of the
conductor deposited on the foil. The compression of the
opposite gauges 21a, 21b or 22a, 22b decreases the resis-
tance of the conductor. The foil is bonded to the area
where there is a high stress by using an epoxy resin or
the like. The foil strain gauges 21q, 215, 22q and 22b are
available from various sources, particularly BLH Elec-
tronics located in Waltham, Mass. ;' |

FIG. 11 shows the system including the temperature
probe 38. The analog signals S; and S; detected by the
foil strain gauges are applied to L; from arm 164, to L,
from arm 166 and to L3 from arm 16¢ (FIG. 2). The
signal T is from the temperature probe 38 fed by con-
ductor 39. The analog signals are fed through amplifier
200 to an analog to digital converter 201. The digital
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signal from converter 201 is fed to a bus 202 which 1s
provided with power supply 203. A computer 204 and
input-output device 204q handles the data for a control
function device 205 controlling the gas supplies 36 and
38. An alpha numeric display and keyboard 206 pro- >
vides operator access through interface 207 to the com-
puter 204. The system has data storage 208.

OPERATION

Design Criteria 10

The drag coefficient (Cp) for cylinders as a function
of Reynolds Number (R ) shows a region of substantial
constant Cp of about 1.2 for Ry=10,000 to =200,000.
Further, the Cp change is small for Ry=1,000 to
10,000. This data is for cylinders of infinite aspect ratio
(length/diameter (I./D) ratio). However, it 1s represen-
tative for cylinders having aspect ratios of 10 to 1 and
higher. The effective aerodynamic aspect ratio or L./D
of the cylindrical rod 11 which was tested was larger 20
than 10 to 1.

Calculations solving for velocities for the range of
R where Cp is constant at 1.2:

15

V=Rnu/pD
Where:

p=slug per cubic foot.

slug =pound-sec? per foot
u=slugs per foot-second.

D =rod diameter in feet

V =velocity in feet per second.

30

35
V'=10,000*3731.5*10-10/0.002378*0.0958

(For R = 10,000)

V=16.4 ft/sec or 11 MPH

and

V'=200,000*3731.5*10—10/0.002378*0.0958

(For R y=200,000) +

V=327 ft/sec or 223 MPH
, where “*” is the computer symbol for multiplication.

The next consideration is to fit the diameter of the
cylindrical rod 11 with specifications for a test on Mt.
Washington. The diameter of 1.15 inches for rod 11 was
selected. Correcting for Mt. Washington conditions,
this diameter allows a wind velocity range of about 15
to 250 MPH in the Ry range of interest.

The detector apparatus 10 was designed with foil
strain gauges 21a and 21) and 22z and 22b on each of
the arms 16a, 160, 16¢c which were 120 degrees apart.
This construction has no redundant members and per-
mits the forces to be easily resolved. the design renders
the strain gauges 21a, 215, 22a and 22b insensitive to
horizontal force, so that the wind loads are applied to
the strain gauges 21a and 215 and 22a and 22b as as pure
moment. When the wind forces on the three arms 16a,
160 and 16c¢ are added, they equal zero without any
vertical component force. Any residual reading will be
ice load or the weight of the cylindrical rod 11. Usually
the weieht of the rod 11 is zeroed out.

50
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INSTRUMENTATION
Strain Gauges 21a and 216 and 22q and 225

Each of the three arms 164, 166 and 16¢ were instru-
mented with four BLH Electronics FAE2-35-SI13EL
foil strain gauges. These are dual gauges so only one 1s
required on each side of arms 16a, 160 or 16¢. The strain
gauges 21a, 215 and 22a and 225 on the upper and lower
surfaces of the arms 164, 16b and 16¢ were used to mea-
sure ice loads, wind speed, and wind direction. Thus
there were four active gauges 21a, 21b, 22a¢ and 225 1n
each of the ice weighing circuits on each arm 16a, 165
and 16c¢, to insure that the bridges were temperature
compensated and provide more sensitivity than would
otherwise be achievable. The apparatus 10 was fabri-
cated from 2024-T3 aluminum, and the strain gauges
21a, 21b, 22a and 22b used were selected to match the
coefficient of expansion of this material to give added
thermal stability to the bridge circuits of FIG. 10.

Temperature Measurement

A temperature measuring probe 38 (platinum RTD)
was provided in the detector apparatus 10. The probe
38 provided not only the current temperature, but also
temperature histories for potential use in comparisons of
ice formation types (glaze, hard rime, or soft rime, etc.).
Knowing the temperature of the load cell allows the
computer 204 to make corrections for drift caused by
temperature changes. The probe 38 was cemented to
the inside of the rod 11 adjacent the cap 12.

Signal Conditioning Components

The converter 201 had 12 channels provided in 3
groups of 4 channels each. The first group (channels 00,
01, 02, and 03) was dedicted for the strain gauges of L,
Ly, and L3, respectively as shown in FIG. 11. Channel
04 of the second group were used to monitor the tem-
perature probe 38 designated as T in FIG. 11. Channel
08 of the third group was used to monitor strain gauge
voltage. A 0 to 15 VDC power supply 203 was used to
supply power to the strain gauge circuits. Since the
voltage was actually found to vary slightly during the
power supply warm up period, provisions for a voltage
monitoring were made. An eight channel [/O board
2044 1n computer 204 was added to control solenoid
valves (not shown) as part of the control function 205
supplying gas to the pneumatic de-icer boots 14, 23 and
24 from supplies 36 and 36a. The electronic components
of the system other than the detector apparatus 10 were
maintained at 25° C. by various well known means such
as by using a room or a heated confined space (not
shown).

Computer and Software

The software program (printout is attached as Ap-
pendix A) controlled the detector apparatus and time
coded and recorded data. An extension of the program
reduced the raw data into weight of ice present, wind
speed, and wind direction for viewing on the monitor.
In addition, it showed the status of the de-icer boots 14,
23 and 24. Also, displayed was the date, time, and cur-
rent status of the strain gauge 21a, 215, 22a and 22b
circuits as shown in FIG. 10, temperature readings (T),

and the voltage applied to the strain gauge bridge cir-
cuits (P1 and P3).
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Calibration

Weight calibrations of the strain gauges 21q, 215, 224
and 225 were done in 0.1 1b increments to 2.0 lbs prior
to installation at the test site. This allowed the gain
values to be set in each circuit such as shown in FIG. 10.

MT. WASHINGTON TESTS

The equipment of FIGS. 1 to 8 was tested on a site at
6288 feet. The microcomputer 204, monitor 206, and a
printer (not shown) were mounted in an instrument
room. An instrument case (not shown) containing the
A/D converter and associated electronics were posi-
tioned in a cold room.

The rod 11 was mounted on an instrument mounting
post 29 in a position such that it was not affected by
other instruments. The instrument mounting post 29
was a standard two-inch pipe. The detection apparatus
10 was connected to the mounting post 29 and oriented
using connectors 27 and 28 with key 30 facing North.

The electrical cables and pneumatic tubing for the
strain gauges 21aq, 215, 222 and 225 were run down
through the connectors 27 and 28 and the instrument
mounting post 29 to an instrument case in a room below.
The open area between the electrical cables, the pneu-
matic tubing and the inside of the post 29 were sealed to
prevent air flow through the post 29 and into the sup-
port assembly 18.

The icing conditions that occurred during the first
test period caused the formation of soft rime ice. The
pneumatic boots 14, 23 and 24 functioned well in the
soft rime icing conditions.

De-Icer Function

The ice detector 10 was provided with the de-icer
boots 14, 23 and 24 as previously discussed. The boot 23
prevents the ice formations from bridging the collection
rod 11 to the upper platform 15a. The platform 15z is
parallel with the wind stream and does not collect much
ice. The skirt boot 24 removed ice formations from the
support assembly 15 normal to the wind. The hole 234
in the deck boot 23 permitted mounting of the rod 11
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and its boot 14. The clearance gap between the two |

boots 14 and 23 was covered by boot 23 t8 allow unre-
stricted movement of the rod 11. Unrestricted move-
ment of the rod 11 was necessary so that the loads on
the rod 11 were transmitted to the strain gauges 21g, 2154
and 22a and 22b and not to the upper platform 15a.

Software Set-up Variations

The software was designed so the de-icing boots 14
and 23 and 24 would function independently on a time
controled cycle and/or a weight controlled cycle. The
control mode can be entered into the computer 204
easily at the beginning of a test. For example, the boot
23 used to de-ice the upper platform 152 and boot 24 for
cylindrical member 15b was set up to operate every 20
minutes, and the boot 14 for the rod 11 can be set to
operate when the weight of accumulated ice reaches 0.2
Ibs. In addition, the upper plate 152 and cylindrical

member 15b can be de-iced prior to the data acquisition
commangd.

Data Sample

The software program allowed the sampling period
and the number of samples during the period to be
entered before each test. The computer 204 required
about 3 seconds to take one sample. It averaged the

45

30

33

63
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samples taken between the acquisition periods. Sam-
pling was not done while the de-icing boots 14, 23 and
24 were being actuated.

Anemometry

During testing the apparatus 10 agreed with the ob-
served wind direction. The agreement with observed
wind speed was very good when the apparatus 10 was
clear of ice formations. The apparatus 10 indicated the
wind load on the formation when it is burdened with
ice.

Test Data

Most of the tests were run with the ice weight thresh-
olds set at between 0.1 and 0.3 Ibs. of ice collected on
the cylinder, because experience indicated if ice forma-
tions grew much heavier than this, the de-icer boots 14,
23 and 24 would have problems completely removing
them. When the ice weight threshold set point was

- reached the boots 23 and 24 were set to inflate and

remove ice that might have bridged between the boot
23 and the boot 14 on rod 11. A final data point was
taken before the rod 11 was de-iced by boot 14.

The following is a description of the results of two (2)
tests.

TEST EXAMPLE 1

The Ice threshold was set at 0.20 pound. The test
started with the temperature above freezing and the
winds light and variable. As the temperature dropped
below 0° C.,, ice started to form on the boot 14 when the
winds were low. As the wind increased, the ice accreted
at a more rapid rate until the threshold weight was
reached. The ice was cleared from the deck plate 154
and cylindrical member 156 by boots 23 and 24. A data
point was taken before removing the ice from the boot
14 and rod 11. The wind velocity and direction and ice
accumulations matched the independent obsevatory
readings.

TEST EXAMPLE 2

The 1ce weight threshold was set at 0.3 pound. Inde-
pendent icing intensity measurements were made 15
minutes before the test began. This indicated that the
icing conditions were: LWC=0.78 gm/cu.M, droplet
dia.=15 microns, Distribution “E”, Fog, winds 60
MPH. The test began by removing any ice formations
present on the rod 11 and boot 14. The ice accumulated
for 1 hr. and reached the ice threshoid weight. The
upper platform 15a boot 23 and cylindrical member 154
boot 24 were inflated to remove bridging ice. One read-
ing is taken after the ice clearing operation, then the
boot 14 was inflated to de-ice the rod 11. This pattern
was continued until the test ended. The wind velocity
and direction agreed with observatory measurements
during the duration of the tests as did the ice accumula-
tions.

The electrical strain gauges can be of the capacitance
and semi-conductor types; however they are not pre-
ferred because of drift on the zero setting once they are
calibrated. The elecrical resistance film type strain

gauges are preferred and the foil gauges are most pre-
ferred.

The use of inflatable boots is preferred for ice re-
moval. It will be appreciated that conventional means
such as heaters can be used in the detector apparatus.
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It is intended that the foregoing description be 1llus- be limited only by the hereinafter appended claims.
trative of the present invention and that this invention
Appendix A

TURBO PASCAL
Program: Ice: Data

-

Frogram IcaeDatas

Type®

Str80 = String(801];

Str2 = Stringll2];

ChanfArray = Array [(1..41 of leal; .

Tima@SLlicing = SEringlldlg

DataString = Stringllol;

Data = Recurd
DataCode : DateString:
TinmeCuode 1 TimeStrings
FieldO,Fieldl,Fieldl,Field3,Field4,Fieldo,Fialdt ¢ Integer;

End s

Var
Hours, RecPericd, DisplayFac, Sanpla&Num, Month, Day, Year,Status : Intager;
I0ut, IDay, ITMai1n ¢ Intager; :
Time 3 TimeStrings
Data : DataString
Hex : Stri;
Lina 2 Str3do;
Saconds, CO,C1,C2,C3,C4,L5,C8 @ Real;
CurrentTima2,01dTineg, EndTiue, 3anplaline ¢ Real;
ShadTime, ShedfFariod, ShedThraschold : Real;
Tra2Tine, FroafFoeriod, FreeThrzsnold @ teal s
Fice.Fleriae, Fefrine, "3Pri ae, MNorthVector, EastVaector ¢ A2alj
Thata,Wi.C3geaed, WindDir ¢ taalj
Flag,Sr~ovdain,Frinter § Boslzang
C : Chanrmiinays ) '

DatarileName : 3tr1ngcdl;;

Dacia~ila : Filae of Dabajg

DataR=c : Dabaj; |

Statl : Intagery

Const

CTr_X = 3318; g

CGairnQ = 0O,03;

Gainl = 1.54%3

Gain2 = 1l.3Z%;

Gainsgd = 1.51; :

Gaindéd = |.33; ]
Gaind = 1,503

Gaina = 1.30Q;

OffFfsetO = O.00;
Offsatl =-0.13;
Of fzsat2 =-0, 103
Of fsetd = 0.1&;

Procaedure Quit (QpenFilgiBoolear) g

Bagin 2
ClrScrg
GoTodY (25, LO)
Wirrite('#+ FATAL UMAC COMMUMICARTION ERROR #»7)
GaTaXY (30, L3) :

Write(Date,’ 1. Time) §
If (OpenFile) Then Cliase(DatafFile) ;
Halt

End;

Ppccadure DetTisz(vas Tiwe § Tinmesdtriagy var Seconwds @0 Rezal)
Type
RegPack = Recaord
ax, Ox,cx,dx, bp,di,si,ds,es, flags : Integer;
End;

ol i

Var
Registers : RegfFack;
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ah, al,ch,cl,dh : Byte;
Hry Min, Sec : Stringll]
[Hour, Iminute, ISecond : Intager;
Begin
ah:=8%2C;
With Registers Do
Beqgin
axi=ah shl 3+al;
=rict 3
Irtr (321, Registers) ;
With Ragisterg Do
Begin )
IHour :=cx shr 8;
Str(lHour: 2, Hr) ;
IMinute:=cx mod 2563 '
SEr(iMinuta:2, Mirn) ;
ISecondi=dx shr 83
Str(IS2cond: 2, Sac) ;
Erd;
Eecmnds:=360ﬁ.*IHmur+60.#IMinutE+ISecaﬂd;
Tim@: =k, +? ' tMin+? 1? +Secy
If (Timel11=' *) Then Time(1l:='O"
i (Tiwma2ls1=' ') Then Timelal:='09
[f (Tiwel7]=' ') Then Timel7]:=*(!

ki :

willh

L

Frocedure GetData(var Date DateString; var Mornth, Day, Year : Integer) ;
Type

Rey~ack = Recard .
X, DbH,On,dx,bp,di,s5i,ds,e5, fFlags : Integer:
El"‘ld;
Var

Raglsters : Reglack;
dA,Cx : Irnteger;

SMonth, SDay : Stringldl;
SYear : Stringl(4];

BHegir
With Registers Do
dagin
ax:;=3ZR shl 8;
Efld;

MsDos (Ragisters) 3

With Registears Do

Hegir |
Year:=ax;
Str{Year:4,SYear) :
Day:=dx mod 2S&;
Str(Day:2, SDay) ;
Month:=dx shr 8;
StriMonth:2, SManth) ;

Er'!{j '

Datu:#ﬁﬁanth+{/'+snay+'/’+SYear;
If (QataClla’ ') Then Datell):='0D"

If (Datal4l=' ') Than Datef4]:= (Y
End ;

i ol

Functiom CheckSum(Var S 2 Str80 ) Integer;
Var )

I,Sum 3 Integer;

Bagin
Sum:=Q3
For T1=1 to Length(S) Do
Bag in

Sum:aSum+Drd(SCIJ);

cind ;
Lha@ckSum:=La (Sum) ;

Erd 3

S anct Lo HenTaInt(yar S 3 SEtr2 ) Integer;
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Var
I,Sum, Temp : Integer;

C*:* t'*l-c:t
HexChars = '0l23.36783RBCDEF? 3

B2gL1n
Sswar=(Foas(SL1]l, HexChars)—-1) ¢la:
Sum:=Samk(Fos (302], HexChars? —-1)
rlexTolint s =Sumsg .

Ef.ld ;
Furnction IﬁtTﬁHEH{ j : Integer ) :_Etri;

Var
Tenp, I : Irnteger;
Ans 31 Stringlf23;

Cornst
HAexlhars = *"0O123456783AQARCDES? 5

E;eg i|L’|
Tenp:=Trurnc(J/1l&)
Rrnsll]:<=Copy (HexChar s, Temp+1, 1) ;
Ji=J=-(Tenmpox186) ;
Anslcl s =Copy (HexChars, J+1, 1) ;
IntToHex :=Ars;

& nd v |

Frocedure ErrorCheck(Var Linme : Ster80; Var EcrcicrFlag : Booleans
Vair Btatus : Iinteger) g

Var® .
Sum, Linelength : Integer;
SumHex, StatusiHex Gterd;
Sub3String : 5tr80;

Begin
SrrarkFlag:=Falses
Linelennbth:=Length(lina) ; | | |
If ((LineLength (O 7) ard (LineLength () 38)) Then ErrorFlag:=True;
If (not Errorflag) Then
Ba@gin )
[f (Copy(lLina,1,1) () *#') Then ErrcrFlag:=True;
Sub3tring:=Copy(lLina, i,LinaelLength-2) ;
Sum:=CheckSum(SubString) ;
SunHex:=Int TuHex (Sum)
If (SumbHex () Copy(Lire,Lirelength-{,2)) Ther ErrarfFlag:i=True;
StatusHex: =Copy(Line, 2, 3) ;
Statusi=HexTolnt (StatusHex) ;
[f (Status () 0O) Then ErrorfFlag:=True;
Endj;
End;

Srocadure Scan( Block : Integer; Var Chan : ChanfArray:
Var Status : Integer; VYar FatalError :Boolean ):

( #% Hlzck = 3, 1, or @ to salect charrmels 0-3, 4-7, or 8-11 3}

Y.ar
N, M, SumHax : Stra;
Cixmmand, Reply : Str8Q;
Of fsat, NunError, Sum, larror, I : Integer:
Error : Booleany
Value : Raal;

;::"5‘?1] i
3L {Blockxsd, N) ;
St 3+(glock*g), M) ;
o AMEr o =0 '
FatalIrrorisFalsag
Cowmmand:=" #0:SCA/® +N+Y /Y +M+? 29
Sunrs =Check3um (Command) 3
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tToHex (Sum) ;
1

JumH xs=]
sLommand+SumHex ;

Command
Reseat
wrribeln (Aux, Cammand) ;
A2adln (FRu, Raply)
{ ﬁeply:=‘lG0:—11.111/+EE.EEE/—33.333/+44.444:E5’; >
ereorChack (Raply, Errar, 3tabus) ;
[F (Errar) Then NumErraoe : =NuUumError+ 1 3
if (PMasm&arror ) S) Thearn
Jeqgin
Errori=Falzse;
FatalZerori=Trua;
Evnd $
Until (nct Errar);
[F (enat FatalError) Then
BHegin -
cror =1 to 4 Do
gdegin ¥ A3
Of fset :=6+8#(1-1);
val(Cmpy(ﬁeply,DFert,SJ,Ualue,Iarrmr);
ChanlIl:=Value; '
If (Copy(Reply,Dffset,8) = "OULDAD' ) Ther
degin
Case Block of
Oy1 : Chan(Il:=139.99;
S : Chanlll:=19.999;
End
End;
If (Copy(Reply,QOffset—1,1) = '-') Ther ChanlI):=-ChanlI1];
End;
End g
End ; ]

"
C

Frocecure GetStatus( Var Status Integer; Var FatalError Soulaean)
Var

NumError : Integerg;

Error : Boolaang

Reply : Str80;

Begin
NumError:=Q;
FatalErrori=False:
Repeat
Writelvm(Rux, " *Q:STAR:B&" ) ;
Readlla(Aux, Reply) ;
{ Reply:=' #»Q0: sFE? ;3 ¥
ErrorChack (Raply, Error, Status) ;
IT (Error) Then NumError:=NumError+i;
IF (NumErrar ) S) Then
Baegin
ErrorisfFalse;
FatalEe,or:=Trua:
Erd ;
Until (ot Ereror);

El"ld ; . "

Frocedure Bitiwitoch( 3it,Fort,Value Integar; Var Status : Integar:
Var Fatal&rror 3 3oolean) s

vVar
B, ~, SunHex : Str2;
Commard, Reply 3 Str80;
Of fset, NumErraor, Sum, lerror Irnteger;
Error : Boxlzang

Begin
Str(Bit, B) ;
SEtr(Pnet, P)
NumErraor:=0
FatalError:=Falses
If (Value=1) Then

Commarnd:=' #Q:SET/? +P+? /7 +B+? «?
elsa
Coammand ;=" *Q:CLE/? +R+3 /* +B+? ;7 ;

okl Wim
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Sum:=CheckSum (Command)

SumHex:=IntTodex (Sum)

Command :=Command FaumnmHex ;

Rep=2at
Writebn(Rux, Command) ;
Readln (Rux, Reply) ;

{ Reply:="%0Q0::FE*; )
EcrrorCheck (Reply,Error,Status) ;
[f (Errcr) Then NumnError:=NumErrcor+ls
If (Nuwmkreor > 3) Then
Fegin

Errori=ralse;
FatalErrori=sTrue;
End ’
Until (not Ervor)
End;

Procedure Inputs;

Var
Ans : Char;
Satisfied : Boolean;
dytes : Real;

Begin
wlrScers;
GouToXY{1,3);
Writeln(*Greetings, UOh Slave of the Frozen North !7);
Weeitellng .
Wrriteln(?Please make sure that I am cornnected with the UMRC, ') ;
Writaln({’and see to 1t that all powar supplies are tursaed on.?) 3
Wrritaln({®’You should aiso have & data disk mounted on the B drive.?)
Writaln('I await the wisdom of your commands !''):
GoTOXY (20, 29) 3
Writa('Press any key to contirue’) ;
While (not Keypressed) Doaj
ClrScrg

wlk B

{ #»# Reset the UMAC *#* )}

GetTime({Time, Secaonds) ;
SatDate(Date, Month, Day, Yaar) ;
Writa(Rux,CTRL_X);

Dalay (3000) 3

Geti3tatus(3tatusy ErrcoMain)d ;

If (ErrorMainl Then Quiti{False) s

Satisfied:=False;

Regpeat .
cirScrg
writeln(’*# Thesa questions must be answered with INTEGER rescornses ®=?) :
Wweeltaling
Wrritel{'Enter the desired data recording period (s): ?);
readln {Rackeriocd) ;
Writa('rHow many data sets should be recorded per display update? ') ;
Readln(DisplayFac) ; |
Write('Enter nunber of data samples to average per recording pericd: ') ;
Readl.n (SampleNum) ; |
wWwrite('Enter number of hours to take data: ') ;
readln (Hours) ;
Wrrita(*Entar the ice weaight threshald ( (200 ) for boot inflaticrm: ') :

»- Readln (ShedThreshold) ;
Write('Enter the maximum time interval between bact inflations (ain): ') 3
Readln (ShedFeriod) 3
Arite(’Enter the ice weight threshald ( (300 ) for ice clearing: 7);
Rzadln{FreeThreshold) ;
Write(’Enter the maximum time interval between ice clearirng (min): 7).
Readln (FreePeriod) ;
ClrScrg
Writeln('The selected recording periocd is ',RecPericd,’ second(s).?);
Writeln(SampleNum,?’ data sanple(s) will he averaged priocr to recsrding.? ) :
WritalLn(’Data sets will be added to the display every ', Recfericds

DiéblayFac,' second (s).? ) ;
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Writeln('Data will be acquired autrmatxcally for Y, Hours,!' hour(s).?');
Writeln(®’ Ice will be shed every ',ShedPeriod:5:0
Writaln('the ice load exceeds ',ShedThreshold: 7:2 ' units. ')

wall

Writatn(’Ilca will Sa cleared every.‘,Freaper1od:5 O, nminutes or each .ime

driteln(’the ice load exceeds ', FreeThreshold:7:2,' units.’')

Eytaa:=(Haurst3500.*34.fﬂecper ud)+(HuurS*B0.0/ShEdPeriad);

Writeln(Bytas:7:0,' data bytes will be recocrded.’);

Writeln;

If (bytes ) 2.E+35) Then Writeln('#*% WARNING ##* Disk Storage Limited to!
1 320K Bytas.');

)

Weltallng
Wr-ite(’'Are thesa selections satisfactory (Y or N): *);
Readln{fAnsg) ;
If (UpCas@(Ans) = 'Y') Then Satisfied:=True:
Until Satisfiad: -
Shedlericd:=ShedPeriod=»&0, O; { Cornvert to seconds )
FreafFeriod:=Freeferiod»=€0, O3
ClrSor; |
Writaln('Pleasa enter a name (1-8 latters) for the file where your data’,
' will be stored.');
Writalng
Writalr(? %% WARNING ** If you sepcify an existing file, its contents will®
' be lost!?)g
Writelng
Write('Filenama: ')
RaadLn(DatanleName)
ﬂaszgn(DataFlle,'ﬁ"+Datar11LName+' DAT® )
Rewrite(DataFila);

*¥#* Werrite Input Farameters to Data File »» 2

With DataRec Do

Begin
DateCode:=Date;
TimeCode:="%#Gain® '; FieldOo:=Trunc(GainOw¥100, () ;
Fialdl:=Trunc(Gaini*»100.0); Field2:=Trunc(Gaind*100.0) 3
Fi2ld3:=Trurnc(GainI® 100, 0) 3
Fraldsi=0; FialdS:=0; Field6:=0;
write(DataFile,DataRec) ;
TimeCode:=' #0Ffsact#’; FialdD:=Trunc(Orffiat0+100.0)
Fieldl:=Trurc(Offsat1#100.0); Field2:=Trunc(Offset2#100. 0) ;
Fiald3:=Trurnc(GCffsetI»100.0) ;
Write(DataFile,DataRec);

*% Note that RecPeriod, FreePeriod and ShedFeriod are rot scaled by 100, *#

TineCoder='#Inputs*’; FieldC:=RecPericd;
Fieldl:=Trunc(SamplaNua*l00,.0); Field2:=Trunc (ShedPericd/&0. Q)3
Fiaeld3:=Trunc(ShedThrashold*100, 0) 3
Field4:=Trunc(Freeferiad/EG. O) ; FiEld5:=TruﬂC(FFEEThPEShuld*IGUEQ}
Wrrite(DataFile,DataRec) ; 4
El'id; . | )
CleScr;
Writeln(*All of the displayed data may be echoed to the printer.t);
HrztaLn('Huwever pleasa he aware that although I check the pFlﬂtEP’);
Writebn(’status before serdivig. it charactars tao printy the program will?!)
Writeltn(?hang if a printer fault (paper out, ribbon ocut etc.) ocours® )
Writeln(’while a lire is being printed. Shmuld this be the case, data’)g
Writaeln(’collection will resume anly aftar corraecting the printer fault.
Writeln; .
We1i22("Do yvoau wish ta 2cho data t& the pelmcaes (Y cr N)? V)
Read (Ang) 5 . o T
If (UpCase(Ans) = *Y') Then Printer:=True else Printers=Falsajy
ClrScrg
GoToXY (20, 285) ;
Write(’Press ary key to start collecting data’);
While (not KeyPressad) Do
Begin
GatTime(Tine, Seconds) : |
GetDate (Data,Month, Day, Yaar) ;
GoToXY(25,1)3;
Write(Date,’ 'y Times) 3
Daelay (100) ;
End;
Wrriteln;
ClrScrg

minutes or g2ach time?!) ;
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end -

Procedure Screernlut (GL,Gz,53,064,TL, T2,V : Real)

bagin
windaw((l, 1,80, 1) ;
GoTaouXY (1, L) ’
Writa@(' Time CHOO CHO1 CHOS CHOZ Tampl®,

’ Tenpa Voltage ') ;

Window(l, 2, 80, 23) 3
GoToXY (1, 1)
InsLine;
Writeln{(Time,51:9:
Wirndow(l, 324,80, 23)
GaToXY{(1,1); .
Ariteln(*Date: ', Data,’ Ice Load: Y, Ficc;:8:3)
Wirrite('Wind SpEedF ' WindSpeed: 73, " Winag Dirvection: Y, wWiadDir:5:0)
Window(i, 1,80, 325) ;
GaToXY (1, 1);

End;

FProcedure Print (G, G2,63,64,T1,TE8,V : Real):
Var
PrintarFault : Boolean;

Const
FormFeed = #30C;
ILine : Integer = Cg
Ba2gin

If ((Fortl31Cl and $FO) = 3DO) Then FrinterFault:=False else FrinterFault:=Tru
If (not Printerfault) Then
Begin
If ({Il.ire mod S0O) = Q) Ther
Baegin
{ Writed(lLst,FormnFeed)s; ¥
Writeln(lst,'Date: *+Date:30);

Writalnll.st) ; &
WritelLni{lst,”? T ime CHOO CHCO1L CHOZ CHOZ Tempt®
' Temp2 Voltage ) ;
Wrriteln(lLst) ;
End;

Writeln(lLst,® ',Time,Gl:B:E,BE:B:E,GE:B:E,G#:?:E,Tl:?:&,TE:B:E,Vzll:S);

ILina:=ILirne+l;

Erd 3 |

Erd;

Frocedure Shedlcesg

Begin
ShedTime:=ShedTima+ShadPeriod:
GOToXY (1,35}

Writa(' xs*#w%#* Shaedding Ice at: TeoTime,' Renne

For tMain:= L To { Do

Bagin
BitSwitch(I,I,l,Status,ErroPMain);
[f (ErrorMain) Then Quit(True) ;
Delay (S000Q) ;
BitSwitch(1,1,0,Status,ErrorMain) g
IF (ErrorMain) Then Quit (True) ;
Celay (IZ00Q) ;

=nd;

Nith DataRec Do

HKagin
TimaeCade:=' Ice Shed?’ ;
Write(DataFila,lataRec) ;

cnid g

aend ’

Frocadure FreeProabe;
Begin

FreaTime:s=FreeTine+Freeferiod;
BoTuAY(1,325) ; '
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Wr LE2(? mztawm

Cl?&?iﬂg Frobe at: Yy Time,!? * 3k % % %
o [itarms= L To 1 Do
Eegim
Sit3Switch (S, 1, 1,5tatus, ErrorMain) :
If (EerrorMain] Then 2Quit (True) ;
Dalay (8000) ;
51tSa1tch(4,1 O, Status, ErrorMain) ;
IF -(t:r*r*qr*r"!axn) Tnen Quit (Trua) s
Celay (3000)
Eﬂﬂ;
~lch DataRec Do
G2l in
TineCcde:="Clearlca’;
Wirite (DatarFile, DataRec) ;
Eﬂd;
Eﬁd;
Frocedure GetDatag
Bzgin
SampleTime:= SamplaTlme+RecPer1ud,
GetDate(Date, Day, Month, Yeaf5 X
CO:=0; Cl:=0; C&:=0; C3:=0; C4:= QO3 CS:i=a3 CB:=0;
o [Main:=1 to SampleMus Dr
Begin

Scan(0,C, Statl, Err
IF (ErrcrMain)
CO:=CL12+CO;
Cl: CE:]+C1;
Ce:=CLII1+C2
C3:=CC41+C3 - _
Scan(l, C,StatI,Err@rMain);

If (Er‘t‘ur‘i'la‘.i.n) Then Quit (True) ;
C4:=CL1]+C4;

CS:=CL21 +CS;
Scan(Z,C,Stat I, ErrorMain) ;

SrMain) ;
Then Quit(True) ;

If (ErraorMain) Then Quit (Teue) :
=CL11+C8;
SIS
If (SamplaNum > 1) Then
dengin
CO:=CO/SamplaNum; Cl:=Cl/SampleNum; C2:=C2/SampleNum;
C3:=C3/SamplaNum; C4:=C4/SamplaNum; C3S:=Ca3/SampleNum;
End;
{ #»» QAdjust for gain and offset #** )

CO:=(CO-0f Ffuatld) #Gaind;
Cl:=(C1-Offsatl);

I[¥F (C1 (=0.0) Th&n Cl:=Cl»*Gainl elsa Cl:=C1»*Gaink;
m2:=(CE-0Ffrfset?) ;
I[Ff (CE ({=0.Q) Then C:=C2xGain2 else CE:=CZ#xGainS;
La:i=(C3-0dFFfsat3);
[£f (T3S (=0.0) Then C3:=CEZ*Gaini else C3:=C3Z+#Gairsd;

( #» CTonpiite Ice Load, Wind Direction, and Wind Speed *»

Fice:=—-(C1+C2+C3) 3
FlRFrine:;=Ci+r(Fice/3,.O)
cskrime:=CZ+(Fica/3, O)
FebPrimna:=Ci+(Fice/3.0)
NorthVector:=0. 1S4 % (2. 0xF1Prime~-FaPrime—-FIFr
EastVector:i=0. 283 (FEPrime—-FIPrime) ;
I7 (NorthVector = 0.0) Then NorthVector:=0.001;
Thets:=ArcTan{ZastVactur/NocthVactor) ;

wif =2 A

ime) ;

WindSpeed:=100#5grt (Sqr(EastVector) +Sgr (NorthVector) )

Thaeta:=Theta»*»l380Q. /Pi;
I+ (NorthvVector Y= Q.Q0) Thern
I[f (EastVectcr )= O.0) Thern WirndDir:=
[Ff (NorthVector ( 0.0) Then WindDir:=130. +Thetay
If (({0ut mod DisplayFac) = Q) Then
Begin

Screerlut (CO,CL,CE,C3,C4,05,08) 3
I[f {(Pointer) Thanm &cints(CO,CL,C3,
crd g
0wt e=I0ut+t;
Wit Datarec Do

C3,C4,CS,C8) ;

26

1'};

C8:=L8/SamplaNun;

Theta else WindDicr:=360. +Thetaj;
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S2g1lr
Ddata2Codes=Date; Timelode:=Times
FleldOU:=Trunc(CO*100); Fialdl:
Field2:=Trurnc(CZ*100); Fielal:

Fiald4:=Trurnc(C44100); Fila
HriteiDataFile,DataRec),
Er"id;

EI"I%

=Trurnc(Cl1#*100Q)
=Trunc (C2*100)
1dS:=Trunc (CSE»x1C0)

{ ## The Malrn Frogram Starts Here #x }

Beg 1n
TextMode (2) ;
laputs; |
OldTime:=Secondsy
SampleTime: =Secunds;
EndTime:=3. EE+I#Hours +Secornds ;

ShedTime:=Seconds;
FreeTime:=Seconds;
IDay:=0Q;
ICut :=Q;
Repaat
GetTime(Time, Secaonds) ;
If (Seconds ( QldTime)

CurrentTimnes=Seconds+(IDay#8. c4E+4) ;

OldTime:=Saconds;
If (CurrentTime)=SampleTime)
If ((CurrentTime)=5hedTine) or
Bagin
FreeProbe;
Shadlces
End;
If ({(CurrentTime)=FreeTime) or
Delay(100)
Until (Heypwessad or
Close(DataFila);

We claim:

1. A detector apparatus which comprises:

(a) an elongate cylindrically shaped rod having a lon-
gitudinal axis and two opposed ends along the
longitudinal axis with one supported and the other
end unsupported;

(b) support means rigidly mounting the one end of the
rod such that the rod is cantilevered from the sup-
port means and wherein there is a region of high
stress in tension and compresssion in the rod or
support means when a force is applied to the rod;

(c) electrical strain gauges mounted on the region of
high stress in uniform relationship to and around
the longitudinal axis of the rod, wherein the appa-
ratus includes electrical measuring means which
measure wind velocity and direction around the
longttudinal axis of the rod and measure weight of
accumulated ice on the rod as a function of time in
relation to compression or tension on the strain
gauges; and

(d) deicer means for removal of ice from the rod.

2. A detector apparatus which comprises:

(a) an elongate cylindrically shaped rod having a
longitudinal axis and two opposed ends along the
longitudinal axis with one end supported and the
other end unsupported;

(b) identical arms rigidly supporting the one end of
the rod and extending from the rod to arm ends
around the longitudinal axis of the rod, wherein
each of the arms has a section of substantially iden-
tical cross-section adjacent the rod where tension
Oor compression is to be measured along one line in
the section;

(Fice)=FreeThreshold))
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Firelde:=Trunc(C8AL000L) ;

with w3 A9

Tharn IDay:=IDay+1;

Then GetDatas
(Fice)=ShedThreshold) )

Than

Then FreefFrobe;

(CurrantTime ) EndTine))

(¢) support means rigidly mounting the ends of the
arms such that the rod 1s cantilevered from the
support means by the arms;

(d) electrical resistance film strain gauges rigidly
mounted on the section of the arms in uniform
relationship to and around the longitudinal axis of
the rod to measure tension and compression in the
one line of the section, wherein the apparatus in-
cludes electrical measuring means which measure
wind velocity and direction around the longitudi-
nal axis of the rod and measure weight of accumu-
lated ice on the rod as a function of time in relation
to compression or tenston on the strain gauges; and

(e) deicer means for removal of ice from the rod.

3. The apparatus of claim 2 wherein the rod is en-
closed by an inflatable boot mounted on the rod as the
deicer means for breaking and then removing accumu-
lated ice on the rod when the boot is inflated.

4. The apparatus of claim 2 wherein the arms extend
along and parallel to the longitudinal axis of the rod.

5. The apparatus of claim 2 wherein the arms extend
perpendicular to the longitudinal axis of the rod.

6. A detector apparatus which comprises:

(a) an elongate cylindrically shaped rod having a
longitudinal axis and two opposed ends with one
end supported and the other end unsupported;

-(b) a hub rigidly supporting the one end of the rod
and having identical arms which extend radially
away from the rod to radial ends and perpendicular
to the longitudinal axis of the rod wherein each of
the arms has a section of substantially identical
cross-section adjacent the rod where tension or
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compression 1s to be measured along one line in the
seclion:

(c) support means rigidly mounting the radial ends of
the arms such that the rod is cantilevered from the
support means by the hub and arms;

(d) electrical resistance film strain gauges rigidly
mounted on the section of the arms in uniform
spaced radial relationship to and around the longi-
tudinal axis of the rod to measure tension and com-
pression along the one line of the section, wherein
the apparatus includes electrical measuring means
which measure wind velocity and direction around
the longitudinal axis of the rod and measure weight
of accumulated ice on the rod as a function of time
in relation to compression or tension on the strain
gauges; and

(e) deicer means for removal of ice from the rod.

7. The apparatus of claim 6 wherein the radial ends of
the arms are supported on rubber o-ring seals which fit
Into circular openings in the support means and wherein
the arms are held in place in the openings in the support
means by screws which project radially from the arms.

8. The apparatus of claim 7 wherein there are three
arms.

9. The apparatus of claim 6 wherein the support
means has a cylindrical cross-section.

10. The apparatus of claim 6 wherein the rod and
support means are enclosed by at least one inflatable
boot as the deicer means for removing accumulated ice
on the rod and support means when inflated.

11. A detection system which comprises:

(a) an elongate cylindrically shaped rod having a
longitudinal axis and two opposed ends along the
longitudinal axis with one end supported and the
other end unsupported;

(b) identical arms rigidly supporting the one end of

the rod and extending from the rod to arm ends
around the longitudinal axis of the rod, wherein
each of the arms has a section of substantially iden-
tical cross-section adjacent the rod where tension
or compression i1s measured along one line of the
section;

(c) support means rigidly mounting the ends of the
arms such that the rod is cantilevered from the
support means by the arms;

(d) electrical resistance film strain gauges rigidly
mounted on the section of the arms in uniform
relationship to and around the longitudinal axis of
the rod to measure tension and compression. along
the one line of the section, wherein the apparatus
Includes electrical measuring means which mea-
sure wind velocity and direction around the longi-
tudnal axis of the rod and measure weight of accu-
mulated ice on the rod as a function of time in
relation to compression or tension on the strain
gauges;

() microprocessor means electrically connected to
the strain gauges which are connected in a bridge
circuit, wherein the microprocessor means con-
verts electrical signals from the strain gauges to
digital data which is supplied to the measuring
means; and

(f) deicer means for removing ice from the rod.

12. The system of claim 11 wherein the microproces-

sOr 1S In a computer with a display means for displaying
the wind velocity or ice weight on the rod.
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13. The system of claim 11 wherein the rod is en-
closed by at least one inflatable boot as the deicer means
for removing accumulated ice on the rod when inflated.

14. The system of claim 11 wherein the arms extend
along and parallel to the longitudinal axis of the rod.

13. The system of claim 11 wherein the arms extend |
perpendicular to the longitudinal axis of the rod.

16. A detection system which comprises:

(a) an elongate cylindrically shaped rod having a
longitudinal axis and two opposed ends along the
longitudinal axis with one end supported and the
other end unsupported;

(b) a hub rigidly supporting the one end of the rod
and having identical arms which extend radially
away from the rod to radial ends and perpendicular
to the longitudinal axis of the rod wherein each of
the arms has a section of substantially identical
cross-section adjacent the rod wherein tension or
compression is to be measured along one line in the
section;

(c) support means rigidly mounting the radial ends of
the arms such that the rod is cantilevered from the

~ support means by the hub and arms; and

(d) electrical resistance film strain gauges rigidly
mounted on the section of the arms in uniform
spaced radial relationship to and around the longi-
tudinal axis of the rod to measure tension and com-
pression along the one line of the section, wherein
the apparatus includes electrical measuring means
which measure wind velocity and direction around
the longitudinal axis of the rod and measure weight
of accumulated ice on the rod as a function of time
In relation to compression or tension on the strain
gauges;

(e) microprocessor means electrically connected to
the strain gauges which are in a bridge circuit,
wherein the microprocessor means converts elec-
trical signals from the strain gauges to digital data;
and

(f) deicer means for removal of ice from the rod.

17. The system of claim 16 wherein the microproces-
sor 1s a computer with a display means for displaying
wind velocity or ice weight on the rod.

18. The system of claim 16 wherein the radial ends of
the arms are supported on rubber o-ring seals which fit
into circular openings in the support means and wherein
the arms are held in place in the openings in the support
means by screws supporting the O-ring seals which
project radially from the arms.

19. The system of claim 18 wherein there are three
arms. | ~ |
20. The system of claim 16 wherein the support
means has a cylindrical cross-section.

21. The system of claim 16 wherein the rod and sup-
port means are enclosed by at least one inflatable boot as
the deicer means for removing accumulated ice on the
rod and support means when inflated.

22. A method for measuring wind velocity and direc-
tion and accumulated ice weight which comprises:

(a) providing a detector apparatus in an environment
wherein ice accumulates which comprises: a detec-
tor apparatus which comprises: an elongate cylin-
drically shaped rod having a longitudinal axis and
two opposed ends along the longitudinal axis with
one end supported and the other end unsupported;
support means rigidly mounting the one end of the
rod such that the rod is cantilevered from the sup-
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port means and wherein there is a region of high 25. A detection system which comprises:
stress in tension and compression when a force 1s (a) an elongate cylindrically shaped rod having a
applied to the rod; electrical strain gauges mounted longitudinal axis and two opposed ends along the
on the region of high stress in unifrom relationship longitudinal axis with one end supported and the
to and around the longitudinal axis of the rod, 3 other end unsupported:
wherein the apparatus includes electrical measur- (b) support means rigidly mounting the one end of the

~ ing means which measure wind velocity and direc-
tion around the longitudinal axis of the rod and
which measures weight of accumulated ice on the
rod as a function of time in relation to compression 10
or tension on the strain gauges; and deicer means

rod such that the rod is cantilevered from the sup-
port means and wherein there 1s a region of high
stress in tension and compression in the rod or
support means when a force is applied to the rod:

for removal of ice from the rod; (c) electrical strain gauges mounted on the region of

(b) measuring with the srain gauges the wind velocity high stress in uniform relationship to and around

and direction on the rod after the ice has been the longitudinal axis of the rod, wherein the appa-

removed by the deicer means and the accumulated 15 ratus includes electr_ical measpring_ means which

ice weight on the rod before removal of the ice by measure wind velocity and direction around the

the deicer means. longitudinal axis of the rod and measure weight of

23. The method of claim 22 wherein the rod is en- accumulated ice on the rod as a function of time 1n

closed by at least one inflatable boot mounted on the relation to compression or tension on the strain
rod as the deicer means and wherein as ice accumulates 20 gauges; | |

on the boot it is periodically removed by inflating the (d) microprocessor means electrically connected In a

boot and then the wind velocity and direction is mea- bridge circuit, wherein the microprocessor means

converts electrical signals from the strain gauges to

24. the method of claim 22 wherein the ice is removed digital data which is supplied to the measuring
25 means; and

from th ' ' ! - : :
© ¢ rod b‘y the deu?er means Just prior tO measure (e) deicer means for removal of ice from the rod.
ment of the wind velocity and direction. | x k K * *

sured.
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U NITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 4.!730;485
DATED - March 15, 1983

INVENTOR(S) © Charles H. Franklin, Clarence S. Vinton and

Conrad O. Rogne | |
It is certified that error appears in the above—identified patent and that said Letters Patent

is hereby corrected as shown below:

Page 1 of 2

Under "U.S. Patent Documents" Bristol "2,477,238" should be
~-2,477,233—-.

Column 1, line 29 "the" should be --The--.

Column 2, line 7 "am" should be —--arm--.

Column 4, line 17 "guages" should be --gauges--.

Column 5, line 6, "circuit" should be --conduit--.
Column 5, line 16 "know" should be ~--known--.

Column 5, line 30 "an" should be --and--.

Column 6, line 5Q"srain” should be --strain--.

Column 6, line 67 "amplifier" should be --amplifiers--.

Column 7, line 60 "the", second occurrence should be
--The--,

Column 7, line 63 "as", second occurrence, should be --a--.
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INVENTOR(S) © Charles H. Franklin, Clarence S. Vinton and

_ | Conrad O. Rogne o |
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Column 8, line 37 "dedicted" should be =--dedicated--.
Column 9, line 53 "controled" should be -~-controlled--.

Column 27, line 39, after "one" insert --end--.

Column 30, line 18 "wherein" should be --where--,.
Column 31, line 13 "srain" should be --3train--.
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--The—--,
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